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Oncologic outcomes for rectal adenocarcinoma have im-
proved secondary to increased surveillance, improved che-
motherapy, radiation, and surgical techniques. Low anterior
resection (LAR) with total mesorectal excision (TME) for
rectal cancer has allowed patients to avoid the permanent
colostomy associated with abdominoperineal resection.1 As a
result, an increasing number of patients are being managed
with sphincter-sparing surgery. In general, surgeons assume
that patients would like to avoid a permanent colostomy, and
patients likely assume that in preserving their sphincter, their
bowel function will not change significantly following rectal
resection, or effects will be short term. However, more and
more data suggest that a largemajority (up to 90%) of patients
experience long-term changes in quality of life from symp-
toms following LAR.2 Recently published data from a multi-
center European consortium collected information on
patients’ symptoms and quality of life following LAR. They
showed a correlation between decreasing quality of life scales
and high LAR syndrome score. In this study, the symptom
most associated with low quality of life was diarrhea.3

LAR syndrome is difficult to define. Patients may have a
combination of symptoms including frequency, urgency,
incontinence, and constipation which may last longer than
an initial adaptive period.4 Patients typically fall into two

categories: those with incontinence, frequency, and urgency,
and those with constipation and feelings of incomplete
emptying, but some patients report features of both, either
occurring simultaneously or vacillating between these two
constellations of symptoms. This review focuses on the
background of LAR syndrome, pathophysiologic features of
LAR syndrome, surgical reconstruction options to reduce LAR
syndrome, and current research within the field of postoper-
ative bowel dysfunction.

Pathophysiology of LAR Syndrome

LAR syndrome is likely multifactorial. Many potential patho-
physiologic mechanisms for LAR syndrome have been pro-
posed: internal anal sphincter (IAS) dysfunction, decrease in
anal canal sensation, disappearance of the rectoanal inhibi-
tory reflex (RAIR), disruption in local reflexes between the
anus and the neorectum, and reduction in rectal reservoir
capacity and compliance all have been described.

Internal Anal Sphincter Dysfunction
Pelvic surgery carries a risk of injury to many structures,
including the IAS. Anatomic studies have shown that sympa-
thetic nerves supplying the IAS course intersphincterically,
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and as a result are likely to be injured in LAR for rectal cancer,
affecting function.5 Differences in IAS pressure before and
after surgery are likely to contribute to LAR syndrome. In a
21-patient cohort, preoperative and postoperative resting IAS
pressures were measured in patients undergoing LAR, and
those with low resting pressures frequently exhibited incon-
tinence. In addition, this study showed a correlation between
length of the remaining rectum and ratio of the decrease in
maximum resting pressure (postoperative/preoperative
maximum resting pressure), suggesting that the lower the
resection, the more incontinence patients exhibit.6 IAS injury
has been observed radiographically with rectal ultrasound
following stapled LAR for rectal cancer. In a 1998 study, 39
patients with rectal cancer were examined endosonograph-
ically for signs of IAS injury (most commonly a thinned IAS),
both before and after LAR. No preoperative IAS defects were
observed, and following LAR, a total of seven patients were
found to have IAS defects after a 2-year follow-up.7 These
studies suggest that parasympathetic nerve damage and/or
surgical IAS damage is associated with reduced IAS function
and LAR syndrome.

Decrease in Anal Canal Sensation
Like IAS dysfunction, decreased anal canal sensation may be
related to nervous damage during LAR. In a 232-patient
series, the ability to differentiate flatus from feces has been
associated with increased anal verge-anastomotic distance.8

Studies have sought to quantitatively examine anal mucosal
electrosensitivity in preoperative and postoperative LAR
patients. One such study demonstrated differences in preop-
erative sensitivity thresholds between patients with and
without postoperative fecal incontinence, but significance
was not demonstrated.9 Another divided two groups of
patients who have undergone LAR into those with and
without incontinence, and demonstrated lower anal canal
sensitivity at the dentate line in patients with incontinence,
which was statistically significant.10 These studies demon-
strate that anal canal sensitivity may be decreased, but the
evidence is mixed.

Disappearance of the Rectoanal Inhibitory Reflex and
Communication between the Anus and the Neorectum
The RAIR is described as transient relaxation of the IAS in
response to rectal dilation. It has been suggested that via a
“sampling mechanism,” the upper anal canal discriminates
between flatus and feces, and that rectal dilation relaxes the
IAS via nitric oxide pathways.11 The RAIR has been studied in
preoperative and postoperative patients with symptoms of
LAR syndrome. One such study of patients with and without
satisfactory defecatory function (defined by Wexner conti-
nence questionnaire) was assessedwith anorectal manometry
and balloon proctometry. RAIR, maximum threshold volume
on balloon proctometry, and length of the high pressure zone
on manometry were shown to be independent predictors of
poor 12-month function after LAR.12 These results have been
reproduced in patients with varying lengths of remaining
rectum, with better functional outcomes in those patients
with > 4 cm of remaining rectum.13 Furthermore, research on

RAIR in patients undergoing ileal pouch-anal anastomosis
(IPAA) after proctocolectomy for ulcerative colitis (UC) has
shown correlation between preservation of the RAIR and
decreases in the incidence of incontinence.14 The function of
the RAIR seems to be pivotal to function, and loss of the RAIR
after LAR is supported by the literature.

Reduction in Rectal Reservoir Capacity and Compliance
The rectum has an inherent reservoir capacity and compli-
ance which allows for proper storage of stool before evacua-
tion. With proper TME, only a few centimeters of rectum
above the dentate line remain, leaving little reserve and
compliance function. As a result, the little rectum left after
TME likely does not contribute significantly to capacity and
compliance. This has been demonstrated in patients under-
going colectomy, mucosal proctectomy, and endorectal IPAA
for UC and familial polyposis, showing greater slope in
pressure–volume curves and decreased maximum capacity
following surgery compared with controls. In addition, they
showed that a greater capacity of the neorectum was associ-
ated with a significant functional decrease in the number of
bowel movements/day.15 A large portion of data on capacity
and compliance originates from Europe. In a study of 35
consecutive Norwegian patients undergoing LAR, rectal vol-
ume eliciting urge to defecate and maximum tolerable rectal
volume were significantly reduced after operation. Distance
of the rectal remnant was also measured, and maximum
tolerable volume was lower in patients with a low anastomo-
sis compared with a high anastomosis.16 Data in LAR patients
also shows via balloon proctometry a reduction in rectal
capacity and compliance which slowly recovered to close to
preoperative levels, but only after a year following surgery.13

Radiation therapy (RT) may contribute in part to functional
outcomes following TME. Data in a 2002 Dutch study showed
that RT þ TME was associated with higher frequency of
defecation compared with TME alone, and compliance was
significantly reduced after RT þ TEM at 4 and 12 months,
respectively.

Surgical Reconstruction Techniques to
Reduce LAR Syndrome

The reduction in capacity and compliance following TME in
patients with straight coloanal anastomosis (SCAA) has led to
several surgical techniques to account for this change in
the neorectum. Side-to-end coloanal anastomoses, colonic
J-pouch-anal anastomoses (CJPAAs), and transverse colo-
plasty pouch (TCP) have been performed and studied. This
section will describe the technique for construction of these
neorectal reservoirs and discuss the various benefits of each
of these methods.

Straight Coloanal Anastomosis
The most common coloanal anastomotic technique is the
SCAA. During the anterior resection, the distal resection
margin is typically removed with a straight stapler. As with
any anastomosis, care should be taken to ensure the new
coloanal anastomosis retains proper blood supply and is not
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under tension in the pelvis. Performing the anastomosis
typically utilizes a circular intraluminal stapler with an anvil
mechanism. The proximal resection margin is attached to the
anvil in a purse-string fashion. Then, the circular stapler is
inserted into the rectum through the anus, and the spike of
the intraluminal stapler is carefully extended and penetrated
through the stapled distal margin, in the middle of the staple
line. The anvil is then attached to the spike, ensuring the
bowel is appropriately aligned and not twisted. The stapler is
carefully closed and fired. The stapler is carefully removed,
and the anastomotic “donut” is examined to ensure a good
circular staple all around the anastomosis.

As mentioned previously, much of the background for LAR
syndrome came from concern for pathophysiology of compli-
ance and capacity of the SCAA. As the oldest and first
technique for low rectal anastomosis, subsequent studies of
neorectal reconstruction techniques have focused on com-
parisons to SCAA. In practice, SCAA is used when length
limitations on the proximal bowel exist or the pelvis is too
narrow and not accepting of a J-pouch, coloplasty, or side-to-
end anastomosis.

Colonic J-Pouch-Anal Anastomosis
In an effort to combat some of the concerns about poor
neorectal compliance and capacity of the SCAA technique,
the colonic J-pouch-anal anastomosis was developed. Origi-
nal publications on CJPAA were performed with large
pouches, 10 to 12 cm and up to 15 cm in length.17 Construct-
ing a CJPAA typically requires full mobilization of the splenic
flexure and ligation of the inferior mesenteric artery and the
left colic artery at their origins, and the inferior mesenteric
vein at the inferior edge of the pancreas. This allows the left
colon to straighten out so that there is sufficient length of
bowel to both construct the pouch and to then have it go
easily, and without tension, to the anus. In constructing the
pouch, the distal sigmoid or the descending colon is folded so
that the colonic side walls touch. A colostomy is made just
lateral to the antimesenteric border at the corner of the fold,
and a linear stapler is fed intraluminally through the colot-
omy to either side of the colonic sidewalls and fired. The anvil
of a circular stapler is then secured with a purse string at the
colotomy, or marking sutures are placed at the colotomy if a
transanal handsewn anastomosis is to be constructed. The
pouch is taken to the pelvis with themesentery posterior and
the tip of the J to the right. Concerns about the optimal length
of the pouch developed from variability in pouch size cited in
the literature along with some patients reporting symptoms
of incomplete emptying of the pouch. When 6 and 10 cm
pouch lengths were compared in a randomized prospective
study, patients with smaller pouch sizes described less laxa-
tive and/or enema use for evacuation.

Lazorthes et al described this technique in 1986. Their case
series described 65 patients with rectal cancer, 20 of which
had construction of a CJPAA. During the first year, 60% of
patients described having one to two bowel movements/day
during the first year, comparedwith 33%with SCAA. After the
first year, 86% of pouch patients and 33% of SCAA patients
described one to two bowel movements/day. In addition, the

maximum tolerated volume of the neorectum was greater
with the pouch, and those patientswho described themselves
as having “normal continence” was 60% with the pouch
versus 42% without.17 Several prospective randomized stud-
ies have been done comparing CJPAA and SCAA. In 1995,
Seow-Choen and Goh concluded improved defecatory func-
tion with CJPAA, with all patients in their CJPAA cohort
describing normal continence at < 3 bowel movements/
day.18 Additional trials have supported 1-year follow-up
defecatory function, with less bowel movement frequency
and urgency and better continence for CJPAA patients.19–21

Hallböök et al even reported a lower anastomotic leak rate of
2% in 47 CJPAA patients versus 15% for 42 patients receiving
SCAA.20

Longer term follow-up of CJPAA and SCAA has been
performed as well. Following a total of 42 consecutive
patients randomized to either CJPAAor SCAA, Ho et al showed
no difference in defecatory function, including no difference
in soiling with flatus or frequency at 2 years, though short-
term outcomes at 6 months were still improved in CJPAA
patients.22 In a 1998 study of 173 patients contacted via
telephone follow-up at a mean of 5 years, patients with a
CJPAA had significantly better frequency, clustering, andwere
less likely to have to adhere to a restricted diet or use
constipating agents to maintain function, suggesting that
CJPAA may be the best long-term option for TME following
rectal cancer.23

Side-to-End Anal Anastomosis
The side-to-end anal anastomosis (SEAA) was originally
described in 1950 by Baker.24 Originally described using a
handsewn technique, SEAA is now typically performed with
the conventional intraluminal stapler through the anus, with
the anvil placed through a colotomy on the antimesenteric
side of the colon and purse string sutured in place. Some
surgeons will leave a several (3–4) centimeters blind end
when performing a SEAA, but examination of effectiveness of
this technique has not been shown in the literature.

In the 1990s, initial recognition of LAR syndrome and the
choice of the best anastomotic technique resulted in several
trials examining SEAA as an option to improve long-term
bowel function after anterior resection. Huber et al per-
formed the first prospective randomized trial of SEAA to
CJPAA. Patients underwent preoperative evaluation and had
3- and 6-month follow-up evaluations. During the follow-up
period, SEAA patients had higher stool frequency at 3months,
but at 6 months, frequency was nearly identical. Similar
postoperative complications, anal manometry, and constipa-
tion were seen in both groups, though CJPAA patients did
demonstrate higher maximum tolerated volume and thresh-
old volume.25 Machado et al in 2003 described a prospective
series of 100 patients randomized to either SEAA or CJPAA
(50 in each group), and performed 6- and 12-month evalua-
tion. The techniques were not different in preoperative
demographics, operative factors, or immediate postoperative
outcomes. Combined functional rank scores were similar
between the two groups, and most functional outcomes
examined were similar between the groups, concluding
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that SEAA and CJPAA seemed equivalent.26 Using the same
patients, the study group was followed up out to 2 years, also
showing no statistical difference in functional outcomes,
though pouch patients exhibited approximately 40% greater
neorectal volume and higher compliance.27 In a similar study
of 56 patients, Jiang et al examined CJPAA versus SEAA
technique being performed transabdominally. The study
showed similar functional outcomes out to 2 years in SEAA
and CJPAA patients, though CJPAA patients appeared to
“recover” bowel function faster at 6 and 12months compared
with SEAA.28 As with the previous studies, they concluded
SEAA as equivalent to CJPAA for reconstruction after LAR.

Transverse Coloplasty Pouch
The TCP neoreservoir was first described in 1999 by a Swiss
colorectal group as an alternative to the SCAA and CJPAA. In a
pig model, the study observed less volume with TCP as
compared with CJPAA, and TCP was easier to perform and
took less time, and qualitative observations on postoperative
bowel function of TCP pigs claimed improved consistency and
decreased urgency compared with SCAA and less incomplete
evacuation compared with CJPAA.29 The same Swiss group
first described the technique of constructing a TCP in humans.
The specimen is resected in typical fashion, and the distal end
of the remaining colon is used to make the coloplasty. The
distal end of the colon is attached to the anvil of an intra-
luminal stapler in a purse-string manner. Then, a 7- to 9-cm
longitudinal incision is made on the antimesenteric side of
the distal colon, starting at least 2 cm from the rim of the anvil
(many studies quote 3–4 cm from the stapled edge). The
antimesenteric incision is then closed transversely with a
single layer of seromuscular absorbable sutures. The intra-
luminal stapler is inserted into the anus, the pouch is placed
in the pelvis, and the stapler fired in the usual fashion.30

Short-term follow-up of patients undergoing TCP by the
Swiss group demonstrated the safety of TCP with a 7%
anastomotic leak rate, and similar 6- and 8-month follow-
up bowel dysfunction, though this was not directly compared
with SCAA, SEAA, or CJPAA.31 As TCP was developed as a safe
alternative to CJPAA, three randomized trials have been
performed comparing the two techniques. The first and
largest of these three performed from 1998 to 2000 in
Singapore followed 88 patients randomized to either CJPAA
or TCP. CJPAA was performed using a 6-cm pouch, and TCP
was performed with a 7-cm incision made 4 cm proximal to
the cut end. Patients were followed for immediate postoper-
ative complications and 4- and 12-month bowel function
follow-up. TCP patients had a higher rate of anastomotic leak
(15.9 vs. 0%), several of which required intervention. During
follow-up, TCP patients exhibited better deferral of bowel
movements and less nocturnal leakage, but more stool frag-
mentation at 4 months, but no differences in bowel function
among 12 parameters were observed at 1 year. Quality of life
scoring was also performed and showed no difference
between the groups.32

In response to the claims that TCP improves continencedue to
a decrease colonicmotility, Fürst et al, using comparable surgical
methods, compared 40 patients randomized to CJPAA or TCP. In

25% of patients, CJPAA was unable to be performed due to
technical limitations. Immediate postoperative complications
were not different, and functional outcomes were assessed at
6 months postoperatively. Though postoperative neorectal
threshold volumewas higher in the CJPAA group, no differences
in bowel function (frequency, continence to gas and liquids,
urgency, clustering, or straining) were observed during the
follow-up period.33 Finally, 30 Portuguese patients were
randomized to CJPAA or TCP with similar postoperative
complications, as well as postoperative bowel function indices
at 3-, 6-, and12-month intervals, though the studydoesmention
two patients in the CJPAA group having to use enemas for
complete evacuation. Manometry data were similar between
the two groups.34

Comparing SCAA, CJPAA, and TCP Techniques
In an effort to compare postoperative complications, functional
outcomes, and quality of life of three of these techniques (SCAA,
CJPAA, and TCP), a multicenter randomized trial of 364 patients
over 4 years was performed by Fazio et al. After oncologic
resection, patients were deemed either eligible or ineligible for
CJPAA based on the ability of the operating surgeon to reliably
construct a 5-cm J-pouch. If deemed eligible, patients were
randomized to CJPAA or TCP. In the case where CJPAA was not
technically feasible, patients were randomized to receive
either SCAA or TCP. Immediate postoperative complications
and 4-,12-, and 24-month follow-up were examined. The study
reported similar demographics among the four groups, but
when comparing the J-pouch eligible and ineligible groups,
the ineligible group had a significantly higher body mass index.
No differences in immediate postoperative complications were
observed among the four groups. In the J-pouch ineligible arm,
the study did not find any significant differences in bowel
movements, urgency, pad usage, clustering, and medication
usage for bowel dysfunction between SCAA and TCP. However,
in the J-pouch eligible arm, the authors found significant differ-
ences in total daily bowel movements, fecal incontinence sever-
ity index, and clustering in favor of CJPAAover TCP. Quality of life
measures did not show any significance among the groups. As a
result of these data, the study concluded that in patients where
CJPAA is feasible, it should be performed, but in those patients
where J-pouch creation is not technically feasible, there seems to
be no difference between TCP and SCAA.35

Research and Treatments for LAR Syndrome

Much research has shown that the pathophysiology of LAR
syndrome seems to be intimately related to neorectal compli-
ance and capacity, and research on surgical techniques to
improve these parameters, particularly with the success of
the J-pouch as a functional improvement has supported this
hypothesis. However, little attention has been focused on the
autonomic innervation of the colon and rectum, the differ-
ences in motility patterns that exist between the colon and
rectum, and how, functionally, the colon and rectum rely on
sympathetic and parasympathetic function to varying degrees.

Involuntary control of the distal colon and rectum is
regulated by the autonomic nervous system and enteric
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nervous system. The autonomic nervous system is further
characterized by parasympathetic and sympathetic compo-
nents. During the course of a standard resection for rectal
cancer both the sympathetic and parasympathetic fibers to
the distal colon, which will become the neorectum, are
transected. This leaves the neorectum under the control of
the enteric nervous system. Taking the inferior mesenteric
artery (IMA) and the left colic arteries at their origin disrupts
the sympathetic autonomic nerves that travel with these
vessels. The parasympathetic input of the neorectum comes
at least partially from the pelvis, and during rectal dissection,
this innervation is disrupted. Therefore, the neorectum,
whether constructed as a SCAA, SEAA, TCP, or CJPAA, will
exist as a segment of bowel that has, at least partially, been
extrinsically denervated, and this will affect how the remain-
ing bowel behaves functionally.

It is very likely that much of what is recognized as LAR
syndrome is actually related to what happens to the auto-
nomic innervation of the neorectum during the course of
the extensive mobilization that occurs during a LAR. The
authors have observed in the operating room that after the
complete mobilization and division of bowel required as
part of a LAR (in preparation for a coloanal anastomosis),
there are very strong contractions that randomly take place
in the distal transverse and descending colon: they never
start or progress into the mid- or proximal transverse
colon. We have hypothesized that the disordered bowel
function, known as LAR syndrome, is a result of motility
changes seen in the left colon following extrinsic denerva-
tion that occurs with the extensive mobilization performed
during these operations.

Furthermore, in an animal model, the authors have inves-
tigated motility patterns of the left colon after extrinsic
denervation.36 The results of this study suggest that surgical
denervation of descending colon, which is frequently per-
formed as part of distal colon and LAR operations to obtain a
tension-free anastomosis, can change the motility of the left
colon. In support of this concept, there are data suggesting
that neorectal reservoir is not the functional principle of the
colonic J-pouch and that “the major functional principle of
the colonic J-pouch is predominantly related to delayed
propulsive motility.”37 The two currently available recon-
structive techniques used to reduce symptoms of the LAR
syndrome, colonic J-pouch, and transverse coloplasty pouch,
may succeed based on the fact that both interrupt the strong
contractions seen in the left colon as a result of denervation.
This remains to be proven.

Based on the hypothesis that LAR syndrome is at least
partially a result of extrinsic denervation of the descending
colon/neorectum, further animal studies have shown that
rectal motility relies much more on parasympathetic activ-
ity and is inhibited by sympathetic activity38 but recovers
over time.39 In response to adrenergic blockade, colonic
motility increases in animal models, suggesting the sym-
pathetic nervous system tonically inhibits colon motility.40

Furthermore, this extrinsic innervation seems to affect
propagation time, slowing and controlling it rhythmically
through α-adrenergic mechanisms.36,41

Further research on receptor-mediated colonic transit has
shown specific subtypes of serotonin receptors seem to have a
role in regulation of colonic motility after denervation.
The enteric nervous system is composed of two major
interconnected plexuses of ganglia and nerve processes, the
myenteric plexus and the submucosal plexus. Intrinsic primary
afferent neurons (IPANs)have cell bodies in themyenteric plexus
or in the submucosal plexus and processes extending to mus-
cularismucosa aswell asprocesses synapsingwith interneurons.
IPANs are the primary sensors and regulators of the enteric
nervous system via serotonin receptors.42–44

Serotonin is a neurotransmitter of profound importance in
the enteric nervous system. About 95% of the serotonin in the
bodyare found in theGI tract. It plays a key role in the initiation
of peristaltic and secretory reflexes. Although more than 25
different types of serotonin (5-HT) receptors exist, 5-HT3 and
5-HT4 receptors play important roles in peristaltic reflexes.43

Following pelvic parasympathetic denervation, serotonin re-
ceptors upregulate within several weeks in rat models in an
effort to restore normal colonic function.45,46 With the knowl-
edge that serotonin antagonists can be useful in nonsurgical
disorders of GI motility,42 ramosetron, a serotonin receptor
antagonist was given to patients with symptoms of urgency
and incontinence following LARwith significant improvement
in urgency and bowel movements per day.47

Implantable sacral nerve stimulators (SNSs) have been
studied in patients with medically refractory incontinence.
Throughaminor surgical procedure, electrodes canbe inserted
into the S2-S4 sacral foramen and connected to a subcutaneous
pulse generator. One large prospective trial has shown very
promising results of these devices formedically refractory fecal
incontinence, with significant decreases in incontinent
episodes and acceptable safety.48,49 Further follow-up using
the same patient population has even shown improvement in
quality of life scoring with the device.50 Although this study
specifically excluded patients with prior rectal surgery, the
study shows improvement in fecal incontinence in patients
with sphincter trauma, suggesting these devices could provide
some utility for patients with LAR syndrome. The ultimate
mechanism by which SNS is effective is largely unknown.

Biofeedback therapy (BFT), the process by which patients
are trained with myometry and balloons to strain effectively
and relax the sphincter, has met with some success in patients
with bowel outlet dysfunction.51 Byrne et al published a
retrospective review of 513 patients undergoing BFT, 13% of
which had prior rectal surgery. The study reported significant
improvement in incontinence, sphincter pressures, andquality
of life following therapy, with completion of all six treatment
sessions being associated with a 10x greater odds ratio of
success.52 Although successful, the majority of patients in this
study were women with history of vaginal delivery, vaginal
tear, and/or hysterectomy or other pelvic floor surgery. A
prospective study of 13 patients (7 of which underwent
LAR) demonstrated reduction in stool frequency, incontinence
episodes, and antidiarrheal agent usage following BFT.53 Fur-
thermore, in a retrospective review of 70 patients with
anterior resection syndromewho underwent BFT, fecal incon-
tinence scores, number of bowel movements/day, use of
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antidiarrheal medications, and rectal capacity improved sig-
nificantly following BFT.54 In a similar study, 19 patients
receiving BFT following surgical colorectal resection showed
improved continence, decreased bowel movements/day, and
even increased quality of life.55 Althoughmost of this research
has occurred in small sample sizes or through retrospective
review, BFT remains a fairly noninvasive and successful meth-
od for treating anterior resection syndrome.

Discussion

LAR syndrome is a significant problem facing a large percent-
age of patients after surgical resection for rectal cancer.
Characterized by a constellation of symptoms ranging from
incontinencewith frequency and urgency to constipation and
incomplete emptying, LAR syndrome has the potential to
affect quality of life in this patient population. Like the
symptom profile, the pathophysiology of LAR syndrome is
difficult to define and is likely related to a multifactorial
process including IAS dysfunction and/or injury, decreases in
anal canal sensation, changes in the rectoanal inhibitor reflex,
and reduction in rectal reservoir capacity and compliance.

Several surgical options for neorectal construction exist,
each with their own purported benefits and anatomic and
physiologic rationale. This review of the literature seems to
support the use of a short 5 to 6 cm CJPAA as the best
immediate and long-term option for bowel function. Some
studies show TCP and SEAA to be equivalent to CJPAA, but no
studies exist comparing TCP and SEAA to SCAA. Of the one
study, this review found TCP compared with SCAA had no
significant improvement in bowel function parameters. In
addition, one study showed a significantly higher rate of
anastomotic leak in patients undergoing TCP compared with
CJPAA. However, this study reported a 0% leak rate in CJPAA
patients, so differences could be related to experienced con-
struction of CJPAA compared with a potential learning curve
with construction of a TCP. A Cochrane review of reconstruc-
tion techniques after rectal resection was published in 2008.
The authors conclude essentially three points based on studies
reviewed: (1) CJPAA is superior to SCAA, (2) SEAA and TCP
appear equivalent to CJPAA in small prospective randomized
controlled trials, but limited data support SEAA and TCP over
SCAA, and (3) further study is needed to determine the role of
alternative anastomotic strategies. This reviewof the literature
supports the findings of the Cochrane study.

Research into LAR syndrome seems to point to compliance
and capacity as primary pathophysiologic factors. However,
several other mechanisms including loss of extrinsic nervous
signals with colonic dissection and serotonin receptor upre-
gulation seem to play a role in LAR syndrome. SNS may be a
treatment option for thosewith LAR syndrome predominated
by fecal incontinence. Although the majority of the literature
on biofeedback has been performed in patients with pelvic
floor dysfunction, BFT may play a role in LAR syndrome,
especially as a noninvasive, nonmedicinal option with long-
lasting results.

In conclusion, LAR syndrome is difficult to define with a
large range of symptoms supported in the literature. As has

been suggested in the literature, long-term follow-up with
standardized questionnaires for bowel, bladder, and sexual
function and quality of lifewould elucidate the definition. The
best surgical reconstruction option appears to be CJPAA if
feasible, with SCAA, SEAA, and TCP as options when CJPAA is
not technically feasible. Finally, more research on the basic
science behind colonic motility, feedback mechanisms, and
compensatory factors would prove useful for eventual devel-
opment of novel techniques to treat LAR syndrome.
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